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l. INTRODUCTION

The two-cell convection pattern proposed by Axford and Hines [1961]

that describes the general movement of plasma in the high-latitudeAiono-
sphere has been confirmed by numerous electric-field measurements made
by ground and space-borne instruments. The two-cell pattern involves
antisunward flow of plasma over the polar cap and sunward flow within
the auroral zone. The plasma that convects across the polar cap
divides, part of it flowing westward through the evening-sector auroral
oval, part flowing eastward through the morning-sector aurcral oval.
When this flow is projected into the equatorial plane of the magneto-
sphere, it corresponds to the flow of sunward-moving plasma in the
plasma sheet. Because auroral substorms typically begin in this region,
the flow can be quite complex and dynamic.

Early studies of ground magnetic perturbations [Harang, 1946]
revealed that a discontinuity exists in the ionospheric current flow in
the midnight-sector auroral zone, Poleward of the discontinuity the
current is westward while equatorward of the discontinuity the current
is eastward. The discontinuity is slanted in local time and appears
earlier at higher latitudes.

Heppner [1954] established that the transition in the appearance of
auroral forms from discrete arcs in the evening hours to diffuse patches
in the morning hours occurs near the discontinuity in the curreant.
Davis [1962] showed that the discontinuity also marked the separation
between westward drifting auroral forms in the evening sector and east-
ward drifting auroral forms in the morning sector. Heppner [1972] exam-
ined this discontinuity in more detail and named it the Harang discon-
tinuity.

Maynard ([1974] systematically studied electric-field measurements

in the vicinity of the Harang discontinuity. Using OGO 6 data, he was
able to show that the discontinuity is present even during quiet times.
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i : As the magnetic activity increases, the line along which the discontin-
i uity occurs moves equatorward with some shift in the angle of the slant,
£ Maynard [1974] attempted to interpret these changes in terms of plasma
'335 flow in the magnetotail.
ﬁ:} Electric-field measurements near the Harang discontinuity were also
? made by Wedde et al. [1977] using the Chatanika incoherent-scatter radar
QE‘{ in Alaska. The radar data clearly show that the electric field changes
é% from northward in the evening sector to southward in the morning sector
W%, across the discontinuity. The change is seldom abrupt, and more often
_ occurs over several hours of local time. Furthermore, rather than
;?3 changing discontinuously, the variation often occurs as a counterclock-
ﬂ:j wise rotation of the electric-field vector. Wedde et al. [1977] also
{23 found that the electron precipitation increased within the region of the
" discontinuity,
v
X I1ijima and Potemra [1976] described measurements of field-aligned
'ﬁﬁ currents in the midnight sector oval. Using data from the Triad satel-

lite, they found that field-aligned currents in the midnight sector were
complex with little consistency from pass to pass. The distinction
between Region 1 and Region 2 that Iijima and Potemra [1976] made for
other local times is not obvious in the midnight sector. Even if the

electric-field reversal in the Harang discontinuity is well defined, the
field-aligned currents may be much more structured owing to spatial and
temporal variations in ionospheric conductivity. To explain the obser-

vations, simultaneous measurements of electric field, conductivity, and

field-aligned currents must be used. Even such data from polar orbiting

satellites may not be sufficient to study these relationships because

1

:} these measurements are made as a function of latitude only. The nature

5{} of the Harang discontinuity may be such that variations in electro-
N

Ei‘ dynamic parameters in the east-west direction are significant.

;?» In this report, we use simultaneous measurements made by the S3-2

kff satellite and the Chatanika radar to study the electrodynamics of the
g M

ﬁ) - auroral zone in the vicinity of the Harang discontinuity. We have

-~ chosen three S3-2 passes over Chatanika from a much larger set of such
A
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passes. The three passes were selected on the basis of the quality of

i;i: the radar and satellite data and the availability of supplementary

fiz‘ ground-based or satellite measurements.
1338 The S3-2 measurements used in this study were obtained by a tri-
}‘i axial fluxgate magnetometer and a 27.4-m dipole antenna oriented in the
MEE spacecraft’s spin plane [Burke et al., 1980). The magnetometer measures
Viayy perturbations in the geomagnetic field that can be used to infer the
o i magnitude and direction of field-aligned currents. Five-second averages
‘E: of data from the dipole yield the components of electric field in the
-g}: trajectory plane. Because the satellite crosses Alaska very nearly

SN along the magnetic meridian, the forward electric field (E forward) re-
o flects the magnitude of the north-south component of the electric field.
':éﬁ For several hours including the time of the S3-2 overpass, the

_E;i Chatanika radar scanned in elevation in the magnetic meridian. This

’ operating mode allows measuring electron density and ion-drift velocity

A as a function of both altitude and latitude. From these quantities, we
Esg can compute the horizontal electric field, the height-integrated iono-
,§?{ spheric conductivity, and the perpendicular current intensity.

i There are many advantages of combining satellite measurements with
o0 simultaneous measurements made from ground-based Iinstruments. In the
¢t§ present case, we identify three objectives of the combined analysis.
:1; First, the satellite measurements are made during one pass approximately

along the magnetic meridian. The radar monitors electrodynamic para-
meters over a long time before, during, and after the time of the pass.
Thus, the satellite measurements can be put in the proper perspective
based on information the radar provides about the prevailing ionospheric
Ny conditions. Second, the satellite provides accurate measurements of
electric field and field-aligned current, while the radar measures quan-

tities that are important for studying the closure of these currents.
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$;» Last, because the satellite pass did not always coincide with the
;| - Chatanika meridian, the two measurements of electric field can be used
ETE to study the variation in the electric field perpendicular to the meri-
o dian plane.
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3'3' In the following section, we discuss the available data for each of
the three S3-2 passes over Chatanika. For each pass, we begin by dis-
§ - cussing auroral and geomagnetic conditions. We then present the radar
#9$E and satellite data and discuss to what extent they can be combined to 1
! yield a consistent picture of auroral currents. We present our general
conclusions, based on the results of all three passes, in the final }

section,
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2. RESULTS OF OBSERVATIONS

2.1 Observations on 31 January 1978

Figure 1 shows the variations in the H component of the geomagnetic

field recorded by the College, Alaska, magnetometer on 31 January 1978.

31 JANUARY 1978

| | | |

1000 1200 1400 1600 1800
TIME, UT

81—

FIGURE 1 PERTURBATIONS IN THE H COMPONENT OF THE MAGNETIC FIELD
MEASURED BY THE COLLEGE MAGNETOMETER ON 31 JANUARY 1978

There are two distinct positive bays apparent in the data. The first
occurred at about 0700 UT (magnetic local time ~ UT - 11.5 hrs) while
the second occurred at 0900 UT. These two events represent intensifi-
cations of eastward electrojet activity over College. Examination of
magnetometer data from stations north of College revealed that a west-
ward electrojet was situated poleward of the eastward current region.
Thus, the Harang discontinuity was north of College during this inter-
val. At 1000 UT, the H component at “ollege becomes negative, which in-
dicates that the discontinuity was over the station. The S3-2 pass over
Alaska occurred at about 0957 UT. Figure 2 shows the ground track of
the satellite during this pass.
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31 JANUARY 1978 - i

we'

FIGURE 2 LOCATION OF THE S3-2 PASS AT 1000 UT ON 31 JANUARY 1978

Figure 3 is an image obtained by the DMSP F3 satellite during the
simultaneous S3-2 pass. The ground track of the $3-2 satellite and the
geographic coordinates have also been superimposed on this figure. The
location of Chatanika, Alaska, is indicated. It is apparent from the
photograph that a broad diffuse aurora was present between 63° and 70°
invariant latitude. To the north of the diffuse aurora is an auroral
arc containing a large loop or fold. The loop is similar in appearance
to a westward traveling surge. Such surges often accompany the substorm

expansion phase.
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The top panel of Figure 4 shows the S3-2 magnetometer data measured
during the satellite pass. The vertical scale gives the east-west mag-
netic perturbation. As the satellite passes through a field-aligned
current sheet, the east-west magnetic perturbation changes depending on
the direction and magnitude of the current in the sheets, In Figure 4
(and similar figures to follow), positive slope corresponds to upward
field-aligned current, and negative slope corresponds to downward field-
aligned current. The magnitude of the slope reflects the intensity of
the current sheet. Between 62° and 64° invariant latitude, there is a
downward current of about 1 wA/m2, From 64° to 72°, the current is up-
ward at about 0.4 A/m2. Between 72° and 74°, there is a series of four
current sheets, two upward and two downward. The current in each of
these sheets exceeds 3 WA/m2. This structured current configuration
appears to be associated with the auroral ioop shown in Figure 3. Note
also that there is a net negative deviation in the magnetometer data
indicating that the total upward current integrated across the auroral

zone exceeds the total downward current.

The solid trace in the bottom panel of Figure 4 1s the forward
vlectric field. Negative electric field in this figure is approximately
magnetic northward. The satellite data indicate a region of fairly
intense northward electric field at about 60° latitude, well equatorward
of the region of significant parallel current. There is also a region
of intense southward electric field far to the north,

Radar elevation scans were made starting at 0907 UT and ending at
1048 UT. The clectric field and height-integrated conductivity measure-
ments from each of these scans were used to compute the expected pertur-
bation in the H component of the magnetometer at College. Figure 5
shows the geometry of these calculations. The electrojet is assumed to
be composed of about 40 east-west current filaments spaced at intervals
of 5 to 20 kms The altitude of these filaments is chosen to be 115 km.
The ground per:urbation in H is computed by summing the contribution
from each of these current filaments. Each scan yields one value of the
ground H perturbation. The results obtained for 31 January 1978 are

superimposed on the magnetometer data in Figure 1. The decrease in H
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with time follows very closely the actual decrease recorded by the

College magnetometer, Examination of the radar data shows that the de-
crease in H shown in Figure 1 is caused primarily by a decrease in the
northward electric field over the entire region that the radar sampled.
The conductivity on the other hand, remains fairly constant.

Figure 6 is an electron-density contour plot constructed from radar
data obtained during the scan that was simultaneous with the satellite
pass. The ionization is fairly uniform with one density maximum at a
latitude of 65°. The electric-field measurements made by the radar dur-
ing this scan are shown as a dotted trace in the bottom panel of Figure
4. The radar electric fields are larger than those measured simulta-
neously by the satellite. A possible explanation is that the difference
represents a spatial variation in the electric field between the radar
meridian and the S3-2 satellite path.

2.2 Observations on 3 February 1978

Figure 7 shows the H component recorded by the College magnetometer
on 3 February 1973. Two isolated negative bays are apparent. The first
has an abrupt onset at about 1130 UT. However, enhanced magnetic activ-
ity is apparent as early as 0600 UT. The second bay occurred at about
1500 UT. The S3-2 satellite pass on this evening occurred between 1021
and 1024 UT, or just before the onset of the first large negative bay at
College.

Figure 8 shows all-gky camera photographs taken from Chatanika dur-
ing this satellite pass. Before the pass, an isolated arc was nearly at
the radar’s zenith, with additional arcs far to the north. As the sat-
ellite passed over, this arc drifted northward and seemed to coalesce
with the other arcs to the north creating a wide band of luminosity that
stretched from just north of the zenith to the northern horizon. The
region just overhead was less luminous than the arc region to the north
and the diffuse aurora to the south. The auroral activity shown in this
sequence is fairly typical of the activity throughout much of the even-
ing before 1500 UT when the second bay occurred. That is, for most of
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FIGURE 7 PERTURBATIONS IN THE H COMPONENT OF THE MAGNETIC FIELD
MEASURED BY THE COLLEGE MAGNETOMETER ON 3 FEBRUARY 1978

the evening, auroral luminosity was confined to drifting auroral bands

oriented approximately in the magnetic east-west direction.

Figure 9 shows the ground track of the $3-2 satellite over
Chatanika, The satellite passed directly over Fort Yukon and was within
50 km of the radar at closest approach. The upper trace in Figure 10
shows east-west magnetic perturbations measured by the satellite
magnetometer., There is a downward current of about 3 M/m? between
64.4° and 65.4° latitude. Poleward of this current sheet is a less
intense upward current with an average current density of 0.8 /2.
This current sheet extends to about 71° latitude and, thus, coincides
with the broad region of auroral luminosity apparent in the all-sky cam-
era photographs. There is evidence in the magnetometer data that a
third current sheet exists poleward of the upward current. As in the
data for 31 January 1978, there is a shift in the level of the baseline
that suggests a net upward field-aligned current.

The satellite electric-field data are shown as a solid trace in the
bottom panel of Figure 10. These data show a region of southward elec-
tric field to the north and northward electric field to the south, The
region in between coincides roughly with the region of enhanced lumin-

osity. The extent of the enhanced precipitation during this pass can be
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¥
%;; determined by examination of the S3-2 electron spectrometer data. These
- data show that the energy flux carried by precipitating electrons ex-—
2 ceeded 0,5 ergs/cmz-sec between 65.3° and 70.7° invariant latitude.
u:ﬁ Radar elevation scans were made between 0913 and 1222 UT on the
~:§ evening of 3 February 1978. The H component of the College magnetogram
- o was computed by the method discussed above, and the results shown as
B open circles in Figure 7. Before 1100 UT, the magnetic deflection was
9
;ij . positive indicating the presence of a weak eastward electrojet over
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College, which agrees with the ground magnetometer data. At 1100 UT,

the current reversed and a negative H perturbation was produced.

Figure 11 shows electron density contour plots constructed from
radar data obtained during selected scans between 0913 and 1105 UT. The
scan made between 1017 and 1029 UT was simultaneous with the satellite
pass. However, some caution should be used in comparing the radar data
for this scan with the satellite data. The radar was pointing northward
at the start of the scan. The all-sky camera photographs show that at
this time the region north of the radar contained no auroral arcs. By
1021 UT, however, this region is filled in by the auroral arc that has
drifted northward from the zenith, Because the satellite pass occurred
after 1021 UT, the satellite detected auroral precipitation throughout
the region north of the radar. A better comparison between the radar
and satellite can probably be made using data from the following scan.
As shown in Figure 11, by the time this later scan was made, the auroral
luminosity had spread considerably,

Examination of the electron density contour plots from scans
between 0913 and 1100 UT revealed the consistent presence of three iono-
spheric features. These features are apparent in the contour plots from
selected scans shown in Figure 11, To the south was a region of
enhanced ionization approximately 1° wide. The maximum density in this
enhancement varied between 1 and 2 x 10° el/cm3. The enhancement
appears to be fairly uniform in the east-west direction because the
ionization, width and location changes only very little from one scan to
the next, We associate this enhancement with the diffuse aurora that is
apparent in the all-sky camera photographs. A second feature that is
apparent in all the scans is the auroral arc. Although the maximum den-
sity, width, and location of the arc varies considerably, its location
relative to the diffuse aurora is fairly constant. In fact, the all-sky
camera photographs show that on that evening auroral arcs typically
formed just poleward of the diffuse aurora, then drifted slowly north-
ward., At least two of these drifting arcs could be seen by examining
the photographs. The third feature, we identify in the elevation scan
data is the dark band that typically separates the diffuse aurora and

the auroral arc. This band warrants identification for two reasons:
17
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(1) It is virtually always preseant., That is, in none of the sgcaas
did the auroral arc occur far enough south to obscure the den-
sity maximum associated with the diffuse aurora: the two max-~
ima were always separate, with the dark band lying in between.

(2) The northward electric field maximizes within the dark band.

Thus, the dark band may carry significant horizontal current,
despite the low conductivities, In addition, because of the

high electric fields, the ionospheric Joule heating maximizes
. in the dark band.
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The electric field measured by the radar 1is shown as a dotted trace

in the bottom panel of Figure 10 for comparison with the satellite mea-

surements. These measurements agree reasonably well with those made by
- the satellite.

2.3 Observations on 9 February 1978

Figure 12 shows the perturbations in the H component of the mag-
netic field recorded by the College magnetometer on 9 February 1978.
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,,-i FIGURE 12 PERTURBATIONS IN THE H COMPONENT OF THE MAGNETIC FIELD

2 MEASURED BY THE COLLEGE MAGNETOMETER ON 9 FEBRUARY 1978

Before 0830 UT, the perturbations indicated a positive bay at College. |
e, Magnetic stations to the north recorded negative pertiurbations, Examin-

'52 ation of magnetic records from other stations in the Alaska chain re-

.. vealed that the separation between the eastward electrojet to the south
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o4 and the westward electrojet to the north was situated approximately
between Inuvik and Arctic Village, or, equivalently, between 71° and 73°
3 invariant latitude. After 0830 UT, the westward electrojet moved to
% lower latitudes. The reversal in electrojet direction is obvious in the
‘o College magnetometer trace.
x Figure 13 shows the location of the S$3-2 ground track during a pass
'f near Chatanika at about 0930 UT on 9 February. Note the large separa-
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. FIGURE 13 LOCATION OF THE S$3-2 PASS OVER ALASKA ON 9 FEBRUARY 1978
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tion between the satellite and the Chatanika meridian. Figure 14 shows

data from the satellite for this pass. The east-west magnetic
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perturbations measured by the magnetometer are shown in the upper trace.

The field-aligned currents implied by these varlations are quite com~-

plex. Ignoring the small-scale variations, we can discern three major

current sheets. Most prominent is the region of upward current that ex- -
tends between 65.7° and 69.6° latitude. On either side of this wide

current sheet there are downward current sheets. In addition there is .
another up-down current pair centered at about 71° latitude. Note once

again that the baseline shift in the magnetometer trace indicates a net

upward current from the ionosphere.

The satellite electric-field measurements are shown as a solid
trace in the lower panel of Figure 14. The most prominent feature is
the intense southward electric field located just poleward of the upward

current sheet.

Radar measurements of electric field and conductivity on the even-
ing of 9 February were used to calculate the expected perturbations in
the College magnetometer. The results are shown in Figure 12, Note
that the radar data reproduce the transition from positive bay to nega-
tive bay that occurs at about 0930 UT, the time of the S3-2 pass.

Figure 15 shows vectorially the direction and magnitude of the iono-
spheric current measured during five consecutive elevation scans, In
the first scan, a weak westward electrojet is situated between 67° and
68° poleward of the eastward electrojet, which is wider and more
intense. In the succeeding scans, the westward electrojet broadems to
the south and intensifies until, by 1020 UT, no eastward current remains
in the radar field of view., Figure 16 shows the plasma velocity vectors
for these five scans. The convection reversal is quite distinct in
these data. Figure 14 shows the radar electric~field measurements for
the scan that was simultaneous with the S$3-2 satellite pass. There is
no evidence for a southward electric field in these data; however, this
is not surprising because the southward electric-field region apparent

in the satellite data was probably far to the east.
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3. DISCUSSION

Before discussing the results obtained here, it is important to
consider the possible effects of temporal variations in the data.
Maynard [1974]) showed that the Harang discontinuity exists during all
levels of magnetic activity, the only obvious change being its equator-

ward displacement during more active times. This is somewhat surprising

when we consider the tremendously dynamic aurora that occur in associa-

tion with substorms. 1In addition, Wiens and Rostoker [1975] found that

the westward electrojet extends poleward and westward in steps during
the substorm expansion phase. These steplike changes occur in connec-

tion with the appearance of a westward traveling surge.

In spite of the dramatic changes, it is possible that the Harang
discontinuity can remain unperturbed with only a shift in location
because the westward electrojet and westward traveling surge are usually
confined to the poleward portion of the expanded auroral oval. These
features may be quite dynamic without necessarily changing the structure
of field-aligned currents and electric fields in the equatorward por-
tions. The data from 31 January 1978 discussed below examplify this
situation., We will proceed with the discussion assuming that the Harang
discontinuity is always present and well defined. We add to this the
agsumption that the discontinuity changes in location and slant on time
scales that are long compared with the duration of a satellite pass,

The radar measurements require more careful interpretation because the
discontinuity may change often during the time it takes the earth to

rotate under it.

There are a few obvious similarities in the S3-2 electric-field and
field-aligned-current data for the three passes presented above, In all
three cases, a three-sheet field-aligned-current pattern is discernible.
The equatorward sheet 1is narrow and downward, the middle sheet 1is broad
and upward, and the poleward sheet is narrow and downward. The poleward
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sz: current sheet is most difficult to identify because of the presence of
NDo! narrower, multiply-reversing current sheets embedded within. For 31
) January 1978, we were able to use a simultaneous DMSP photograph to show
;ﬁfﬁ that the multiply-reversing current sheets were probably a result of the
fi?é intense electron precipitation producing the auroral loop to the north.
A Evidence for a similar structure is present in the data for 9 February
- 1978. On 3 February 1978, no such narrow current sheets are apparent,
.\“5 and the three-sheet pattern is obvious. We conclude from these consid-
ES%} erations that the normal field-aligned-current pattern in the Harang
VAo discontinuity consists of a broad upward sheet flanked by two downward
4 sheets. This pattern may be considerably perturbed by the presence of
:E intense precipitation. This precipitation is usually confined to the
{gg poleward portion of the field-aligned-current region. The magnetometer
e (<, data from the three passes also suggest that more upward current flows
i\b in the midnight sector than downward current when integrated across the
_$ entire field-aligned current sheet.
332 The electric~-field patterns are somewhat more complex than the
field-aligned currents, but there are some features common to all three
2;:; data sets. Most striking is the poleward region of intense southward
:55 electric field. Especially interesting with regard to this southward
lgﬁ field is its collocation with the boundary between the broad upward cur-
rent sheet and the downward sheet to the north. On 31 January 1978 and
Al ¢ 3 February 1978, the most intense southward electric field coincided
‘;; with thé minimum perturbation in M. This coincidence is not apparent
‘.’*, in the data for 9 February 1978. However, we might argue that the un-
= perturbed field-aligned-current pattern on 9 February 1978 would have
~: had a minimum coincident with the electric-field peak, but, because of
} intense electron precipitation, this pattern was substantially altered.
%.{ A second feature in the electric-field data is the northward elec-
‘ tric field to the south., This is most apparent in the data for 31
»:Eé January 1978. The location of the northward electric field in all three
380 cases is near the equatorward boundary of the upward current sheet. In
> addition, the northward electric field is separated from the region of

southward electric field by three to ten degrees of latitude within
which the electric field is small.
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Because only one component of the electric field is measured by the
satellite, there is no information about the transverse component. The
region of small E forward may correspond to the region where the elec-
tric field rotates through the west. Thus, our data clearly show that
the discontinuity is spread out in latitude as pointed out by Wedde et
al. [1977]. The small electric field is also consistent with the pres-
ence of upward field~aligned current. We expect that the electric field
will be small in regions of enhanced conductivity. The increased
conductivity in this region is apparent in the radar data for all three

passes.

Thus far, we have only discussed the latitudinal variations in
electric field and field-aligned currents. To examine the local time
variation, we use the radar data, being careful not to confuse temporal
and spatial effects.

The radar measurements for 31 January 1978 were made between 0907
and 1100 UT. There was no evidence for an electric-field reversal
throughout this time., Yet the College magnetometer recorded a change in
the direction of the H component of the geomagnetic field. The only way
to resolve this discrepancy is to assume that an intense westward
electrojet was situated in the north just out of the radar field of
view. This westward electrojet may have been driven by the strong
southward electric field to the north. Thus, although the radar did not
observe the electric field reversal, there is strong evidence for 1its

presence in the far north.

The differences in the electric fields measured simultaneously by
the satellite and the radar and shown in Figure 4 suggest that there was
a local time variation of the field. As shown in Figure 3, the radar
was displaced from the magnetic meridian by about 400 km. From these
data, it appears that the region of northward electric field is broader
to the west than to the east. If we associate an eastward electrojet
with this northward electric field region, we conclude that the eastward
electrojet narrows in a wedge-shaped manner in the vicinity of the
Harang discontinuity.
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Information on the local-time structure of the Harang discontinuity
can also be inferred from the data obtained on 9 February 1978. The
time of the S3-2 pass corresponds closely to the time of reversal in the

H component of the College magnetometer, The reversal in the electric
field is apparent in the radar data from the scan made between 0948 and
1002 UT, just after the S3-2 pass. Because the pass was located to the
east of the radar, the satellite must have traversed the eastern portion
of the Harang discontinuity. Further indication of this is contained in
the S3~2 magnetometer data, which differs significantly from the
magnetometer data obtained during the passes on 3 February 1978 and 31
January 1978. The field-aligned-~current configuration on 9 February
1978 resembles that typicﬁlly found in the morning-sector auroral oval.
That is, the upward current sheet 18 situated equatorward of the down-
ward current sheet. There is some evidence for the presence of an addi-
tional downward current sheet on the equatorward side, but this sheet is
certainly not as prominent as it is on the ofher two days. Thus, the
transition from the evening-sector field-aligned~current configuration
to the morning-sector configuration takes place across the Harang dis-
continuity. The change occurs by way of a decrease in intensity of the
equatorward current sheet and a corresponding increase in intensity of
the poleward sheet., Both poleward and equatorward sheets are downward

with a much wider upward current sheet situated between them.

The radar data obtained on 3 February 1978 cannot be used to deter-
mine the local time variation of the electric field because the S$3-2.
pass was almost coincident with the magnetic meridian through Chatanika.
However, the electron density contour plots obtained on this day can be
used to relate the field-aligned currents and electric fields in the
Harang discontinuity to source regions of precipitating electrons in the

magnetosphere,

The latitudinally broad maximum in E region ionization at 64°
invariant latitude in Figure 11 is similar in appearance to the feature
referred to as the interface arc by Robinson et al. [1982]. Robinson et

al. [1982] presented evidence suggesting that this ionization feature is
produced by precipitating electrons from the central plasma sheet.
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Referring to Figure 10, it is clear that this precipitation is situated

on field lines that carry downward field-aligned currents. The upward
current region within which the bright auroral arcs are seen probably
extends to the distant magnetotail. Winningham et al. [1975] have re-

ferred to this region as the boundary plasma sheet. The large southward
electric field at the poleward edge of the current sheet probably marks
the polar cap boundary.
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E 4.  SUMMARY
f ? The features of the Harang discontinuity inferred from the data
' discussed above have been incorporated in Figure 17. The illustration

) . shows, qualitatively, the relationship between aurora, electric fields,
N
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FIGURE 17 SCHEMATIC DIAGRAM OF FIELD-ALIGNED CURRENTS, ELECTRIC FIELDS,
AND AURORA IN THE MIDNIGHT SECTOR. The arrows indicate the directions
of the most intense electric fields. The shaded region indicates upward field-aligned
current.

' .‘anz‘l :" ’; ¢

3

.
PRl

:.: and field-aligned currents. We find that the most intense electric

:: fields are located in the poleward and equatorward portions of the |
‘ . auroral oval. The peak electric fields occur at the boundaries between ]‘
B current sheets., However, the poleward boundary of the upward current

53 - sheet is often perturbed owing to the presence of intense electron pre-

> cipitation. The downward current sheets that flank the broad upward

o

31

LA

PREVIOUS PAGE }
1S BLANK

\Iv

h)

N
N
N

Y

dl, Ly .'\-’ o, f‘~f‘q’.".."\¢’\(’ 4..-"‘-‘.‘ 4 L T -." L At e Yt SACTAIPA A S L e e T w N Y T \. -\
WY \ o ; ; o PRI MRt A RESAS R,



- - - e
Y ¥ o 5 e e T e T a¥ eV, P ."
wongy o L btSh A - Tav e Samy - ARl AL R, R e i e A e e L T S D I R P AR R e LN

X
ce
190
) : current sheet decrease in intensity in the vicinity of the discontin-
.
’f, uity. This decrease is represented in Figure 17 by the diameter of the
circles that indicate the direction of the current. In the three cases
YA
. we examined, there was a net upward current out of the discontinuity.
4’ 5
’\ﬁ The upward current region was the site of drifting auroral arcs in the
s evening sector., In the morning sector, the aurora is disconnected and
. patchy. The westward traveling surges occur at the poleward edge of the :
A0
) upward current sheet.
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